Amphora costata W. Smith 1853 is a down thrown diatom species and also known as metal corrosive ship-fouling organism. A. costata was isolated from Alang ship breaking yard, Alang and evaluated the toxicity tolerance and growth responses of the cultures exposed to different doses of toxic and relatively accessible heavy metals, such as Fe, Mn, Cd, Co, Cu, Zn, Ni, and Pb in the constantly monitored laboratory culture conditions. The strongest toxic effect was observed on A. costata exposed to Cd even at relatively low concentrations as compared to other metals . The following trend of decreasing order of toxicity i.e. Cd>Zn>Ni>Co>Pb>Cu>Fe was observed, when they were exposed to equal concentration and expose time.
INTRODUCTION
A. costata W. Smith, 1853 is a benthic and marine pennate diatom also well known as a fouling diatom species. The characteristics of this organism; strong dorso-ventral frustule has raphe systems which lie close to the ventral margins of the valve. It is also well known as a fouling diatom species. It is observed, exposed to high heavy metal levels in its habitat, polluted sediment or ship hull. To protect ships from this kind of biofouling organisms, bottom of ships are coated with the paints containing different toxic heavy metals such Hg, Cu, Cd, Ni and Pb. A. costata is also a notorious producer of bio-film contains extra-cellular polymeric substances (EPS) that protects the cell from the toxic effects of heavy metals.
Responses to different heavy metals treated with numerous representatives of the marine/freshwater phytoplankton includes their growth characteristics, morphological and physiological changes and other phenomenon in insitu and invivo conditions are published by different workers such as on morphology (Joux-Arab et al 2000) , growth rate (Brown et al. 1988) , several other physiological processes (Brand et al. 1983 (Brand et al. , 1986 ) of benthic and/or planktonic microalgae in laboratory conditions and as well as lakes (Munawar and Legner 1993) , Bays (Ahner et al. 1994; Luoma 1998) , coastal waters (Ahner et al. 1997; Bu-Olayan et al. 2001 ) and open waters (Magi et al. 2005) .
Taking into account the toxicity effects on micro algae depends on a number of factors, such as solubility product constant of the respective heavy metal, bio-available free ions, initial concentration of metal as compared to test organism and time of exposure are responsible for the heavy metal interaction with cells in the aquatic environment, we have tried to find out the extreme conditions that can be tolerated by the test organism for long time exposure to individual heavy metal contaminated solutions, via survival and growth responses in relation to chlorophyll a production by inhibiting or inducing the culture biomass and re-establishment of its population (succession) in laboratory culture conditions.
MATERIALS AND METHODS

Isolation of Test Organism
The strain of A. costata was isolated from the coastal seawater of Alang, Bhavnagar (India). Alang (Lat 21°18' to 21°22' N and Long 70°15' to 72°10' E) ship breaking yard is the largest ship breaking yard in the world. (Marine Pollution Bulletin News 1998 . The physiochemical parameters and heavy metal contaminations of the coastal area of Alang Ship breaking yard area has been reported in different time as published research paper (Tewari et al. 2001; Mandal 2004 ). The test organism was identified and maintained laboratory culture by consulting different standard methods and literature (Stein 1975; Desikachary 1988 Desikachary ,1989 Peragallo 1965) .
Media preparation and Culture
To isolate the test organism and to maintain its laboratory culture the established f/2 (Stein 1975 ) culture media was used with a minor modification. To prepare the f/2 culture media artificially prepared seawater (Berges and Franklin 2001) was used instead of filtered natural seawater to avoid an unknown metal contamination in natural seawater sources.
Experimental conditions
To execute the experiment, 10 round bottom culture tubes (1.8 cm diameter) containing 10 ml of media with different concentrations of specific heavy metal, namely: 0.2, 0.5, 1.0, 2.0, 3.0, 5.0, 7.0, 10.0 and 15.0 mg L -1 including control (0 mg L -1 ) were used. Three different sets of experiments were set-up depending on the duration of harvesting periods, namely: 10 days, 20 days and 30 days for each metal. The culture tubes were well plugged and sterilized at 15psi/121°C for 20 minutes within an automated autoclave (Tomy, Model No. SS 325). Inoculations were done under the sterilized condition using laminar flow (Sanyo-Bioclean Bench Model No. MCV-13BSF). All the culture tubes containing inoculums were kept in slightly tilt (15°) position on specially made white colored wooden platforms. The wooden platforms itself were kept on a shaker for keeping the culture unrest. After 10 days interval, specific cultures were harvested for biomass estimation. All experiments were carried out in double and the average values were used for graphical presentation in Figs 1-8.
Biomass measurement
Chlorophyll a is used as an algal biomass indicator (Clesceri et al. 1998) . Growth responses were studied by evaluating increase of biomass in terms of µg chlorophyll a/ml. Even though all cultures were maintained on a continuous shaker, in some cases, a very few number of culture cells were observed to stick on the glass wall (ring formation) at the air-water (culture media) interface area. That's why biomass evaluation through chlorophyll a estimation gave more accuracy (> 99.9%) than enumeration. To avoid loss of cells due to attachment, total culture was filtered through nitro-cellulose filter paper (porosity 0.45 µ) and the filter paper was then put into the same culture tube and 10 ml of 90% acetone was added to extract chlorophyll a pigment from the filtered culture as well as attached cell with the culture tube if any. The absorbance of chlorophyll a pigment were measured in a Shimadzu spectrophotometer (1201 UV-VIS) using the specified wave length and quantified by the given international standard equations for pigment analysis (Strickland and Parsons 1972) .
RESULTS
The effects of different heavy metals on A. costata as regards the biomass increase over time, also indicating the upper limits of tolerance are depicted in Cadmium was the most toxic heavy metal as compared to other seven metals and showed the strongest effect on the growth response of A. costata. The toxic effects of Cd on the survival and biomass production were observed at relatively very low concentration even at 0.2 mg L -1 and total inhibition of biomass production of A. costata was observed at 5.0 mg L -1 Cd and above.
Zn showed the second highest toxicity on the survival and biomass production of A. costata following Cd. Zn brought stress on biomass production in first 10 days in all culture and there was total inhibition of growth more than 3.0 mg L -1 . The optimum concentrations of different heavy metals, which were tolerated by A. costata as well as showed maximum growth of A. costata in long term (30 days) exposure were 0.2 mg L -1 Cd (Fig. 1) , 2.0 mg L -1 Co (Fig. 2) , 2.0 mg L -1 Pb (Fig. 3 ), 1.0 mg L -1 Zn (Fig.   4 ), 2.0 mg L -1 Cu (Fig. 5) , 2.0 mg L -1 Ni (Fig. 6 ), 2.0 mg L -1 Mn (Fig. 7 ) and 1.0 mg L -1 Fe (Fig. 8) . Mn and Fe also showed inhibitory growth of A. costata, as compared to control or total mortality when they were present at higher concentration, i.e. 5.0 mg L -1 and/or above (Figs 1-8 ).
In general, during the first 10 days of culture, the inhibited growth in relation to biomass production as compared to control were observed in all cultures con- 30 days of culture, less biomass production as compared to control were observed in 1.0 mg L -1 and higher concentration of Cd and containing 3.0 mg L -1 and higher concentration of Zn, Cu, and Ni (Fig. 11 ).
DISCUSSION
Our observations on the effects of toxicity of the toxic and relatively accessible heavy metals in relation to the survival and biomass production of A. costata were varied depending upon their initial concentrations, which were added with the medium and the time of exposure.
Cadmium is a non-essential and toxic trace element and also known to be a potential toxicant at extremely low concentrations. It ranks close to lead as bio-toxic agents and can induce a wide range of toxicity (Mukherji and Sharma 1987) . Growth inhibition in response to increasing cadmium in the medium has also been reported earlier by Visviki and Rachlin (1991) and Thompson and Couture (1991) . For example, Chlamydomonus rein- hardtii and Pleurochrysis cartae are reported as gradually reduced growth rate with increase of Cd concentration above 3 x 10 -8 M (Chris and Neil 1999) . Cd is found the most toxic heavy metal, because it might have brought devastating effects on the growth responses of A. costata in different way, such as morphological and physiological changes. Torris et al. (1998) reported decrease of ATP content and ultra structural changes were also observed in P. triconutum in 5.0 mg L -1 or higher Cd contained media. Nickel is a non-essential trace metal and found as toxic heavy metal in relation to growth response of A. costata. The suppressive impact on growth by Ni on A. costata, might be due to the ion-ion competition of essential and non-essential ions. Zinc is an essential trace element. It is required in forming complexes, such as zinc fingers in DNA and as a component in cellular enzymes (Nies 1999) . The strong toxic effect of Zn metal also reported by Stauber and Florence (1990) that 65 µg Zn Mandal et al.: Heavy Metals on Survival and Production of Amphora costata 475 Fig 9-11 . Amphora costata overcomes the environmental stresses due to long time exposure in the f/2 growth media treated with different heavy metal doses for 10 days, 20 days and 30 days old culture. As in higher concentration like 7, 10 and 15 ppm the inoculum of Amphora costata were completely dead (100%) and that's why those concentrations are not considered in these comparative charts. According to the findings of the present study, it leads to the assumption that the interaction between extra cellular polymeric substances (EPS) production by A. costata in the environmental stress condition generated by heavy metal doses and bioavailability of heavy metals is principal cause to tolerate/overcome the toxicity effects of heavy metals to some extent and survival of the test organism. EPS are known for their ability to bind a wide range of heavy metals, including Pb, Co, Cu, Fe and Cd etc (Bhaskar and Bhosle 2005; Rijstenbil and Gerringa 2002; Florence et al. 1992) . EPS can bind with free metal ions and reduced the available free ions in the aquatic environment due to long exposure in metal contaminated solution, which might have lead to reestablish the population after struggling into a adverse condition. Binding of dissolved metal ions from the contaminated solutions by EPS and moved towards depth has been reported by Decho (1990) . The dominating role of EPS controlling the accumulation of heavy metals like Cu, Zn, on Nostoc linckia (Roth) were also observed by Shnyukova (2005) . EPS might have played an important role to reduce lead toxicity as compared to other toxic metal by forming EPS-Lead complex as EPS production becomes more at the exponential stage (Bhaskar and Bhosle 2005) . Even though the test organism was the same, but the toxic effects of heavy metals varied in case of different heavy metals depending upon their concentrations and the age of test culture organism during the growing stage might be due to electronegativity and bioavailability of metal ions.
The above studies envisaged that the trend of the decreasing order of toxicity on survival and biomass production of A. costata was following i.e. Cd > Zn > Ni > Co > Pb > Mn > Cu > Fe. We can get a clear idea about the effective metal concentration, which can be used to protect the growth of the test organism on the ship-halls or boat etc. However, the results obtained in laboratory conditions are not directly applicable in the open environments as most of the parameters are uncontrollable in open environment due to metal-metal competition, and metal-organic matters interactions in the open environment, more over marine pollution is also highly concerned in this regard.
